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INTRODUCTION.

Prom April 1, 1943, to September 30, 1945, this lsborstory was under
eontrsct to the Menhetten Engineer Dilstrict for both resesrch and
produotion. This Contract, W=7401 -43, wag, in effect, an
extension of OSRD Contract OEEsr-B12 (6-1-42 to 3«31~-43) and was
sdministered by ladison Squere Aresa until Pebruary 15, 1945, During’
the early part of the Contrsct, the fusilities snd persormel of the
laborstory were also ongsged on & similer prograx under KDRC Oontrast
ORisYr~53%2 (11l~1=41 to 8~30=43) which had previcusly overlapped NDRC
Contrast OEHMsr-271 (10«15-41 to 1l-1B-42).

Final Reporss wers submitted for dontrags OB4sr-271 on June 14, 1943,
Contreat ORlisr-332 on June 24, 1944, and Contract OE¥sr-512 on
December 12, 1044. A reseerch summary for Contraot We7401~eng=-43,
foom April i, 1943, to February 18, 1845, wes submitted to Hedisen
Zquere Ares snd hea now bssoone rart I of the Pinsl Report.
Production of speciasl meterials during this period is summerized in
an Appendix to Pert I, submitted to Hanhattan Distriet Office.

At the olose of the work for Madison Square Ares it was decided to
tpansfer sdministration of the asontract to the Hanhattan Distriet
0ffice. Aacordingly the personnsl working for ¥gdison Squsre Ares
on Februsry 14, 1945, were transferred to work on problems of
intereat to x-és. The gram insluded ressarch on C-216,
#iluorossrbons, snd handling of anriched T. The present raport,
Part III of the Finsl Report, desoribes the work done by this group
from FPebruery 15, 1945, until the expiration of the contract
September 30, 1945.

Part of the force working for Hediaon Square Ares had slready besn
placed under District Office administration on Jenuary 1, 1945, to
work on problems of interest to Y-12. This program alsc sontinued
until the expivation of the gontract, September 30, 1545, snd ia»
desoribed in Part II of the Final Report.

A complete 1list of techniosl reports relating te Part IIX is
attached, snd appropriste references are made at the beginning of
esch seotion. The mumbering system of these reports is a oo0n~-
tinustion of that begun in Pert I end is also keyed to the list
attached to Part Il.

"Phis doeument contains informarion affecting
the netionsi-defense—ofthelrared—Biates
with[ THE THesnIng 0L, Lhe. bsunagé et
'S'M%mé%.eltsﬂanwaission‘or@he
revebytion of its contents;ig;g_gy_mggng@:{o an
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II. ABSTRACT.

A. Btebility of Pump 01ls (2/18/45 - 7/31/48).

1. Introduction.
Susmary of earlier work lesding to the Ignition
Temperature Test.

2. 8tabllizstion.
Study of C-216 and C~818 treatment of C-2144 &o
reduce the latter!s resotivity toward these geaases.

3+ The Instantaneous Absorption Hethod.
Development ané evalustion of this stability teat,
end comperison with other tests.

4. Analytical Hethods.
Analyticel prosedures for C-£2l6 gaa mixtures and
for hydrogen and free seid in C-¥lé4.

B. Recovery of T from s C-R16 Disposal 3System (6/1/45 - 8/30/45).

l. Introduction.
Previous research snd preliminery astudies of the
systom.

2. Procedures Involving the T-Peroxy Complex.
Attempta to obtain elther immediate and complete
precipitstion or continucus and complote sclution
of T 4n this systex.

3. Procedures Involving the T-farbonate Complex.
Study of techniques for somplete and sontinuocus
solution in a sarvonste system, either with or
without continuous fluoride ion removal.
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TII. REBEARCH ESUMMARY. T

A. Stebility of Pump Oile.

(References: 30-48, 107, 136-140, 145.- 181, 183~-154, 160,
199+203)

1l Introdustion.

The unsatisfectory performence of pumps handling C-216
alone or in combination at site had elresdy led to a re-
examination of the two most satiasfactory pump fluidss
08144 and ¥PFL. Although both were being produced under
rigid specificaticna, there was gt1l1l ecnsiderabla
dsstruction of the oil, sludging in the pumps, and re-
astion of the gasses with the fluid. There waa sufficient
irregularity in the performence of various lots of both of
these materiels to werrsnt sen investigation of their
penction with C-216, snd later with C-816. The carly phages
of this work ars reported in Part I of this Finsl Report in
scotions III«10 and IIX-1l.

Since one of the earliest needs was & satisfeotory
lsboratory test which would permit compariscon of reactivities
towerd C-£18 (or C-616) the earliesst astudiss had cenbered

on the C-216 resction, and & test known es the Ignition
Pemperature had been developsd. This consisted of slowly
warming a stenderd ssmple of oil while a Jot of 208 G-218
wag bubbled in below the surface. The temversture at whioch
a visible flsme vocurred at the jet was reforred to as the
Ignition Temperature or TeTe

The experiments desoribed 1n Part I of this PFiral Report
were conpcluded esrly in the period ecvered by the present
part. The effects of impurities were determined and runs
were nmads with the o4l in the form of & mist or wapor and
as o thin £ilm on & revolving disk. It wes found possible
to relste the Ignition Temperature &c the percent hydrogen
vy weight (as determined by pyrolytic anslysis) and this
test served as the firat means of determining the relative
rasotivities of varicus speoification~grade ssmples of both
types of pump oil. Rather wide differsnces were found on
pasaing fras ons lot to snother.

Dus to the simplisity of the method as well sa the apparent
dipect relationship between I.T. and percent hydrogen this
test was adopted ss & aontrol in the manufecturing process
-,_,——r-——”‘_——:_-——‘-':”__ -
Tl ITAEAT COTAINS INLOLIRALOR- i CCTTNE
o afese of - the— 31 STies
T eaniig Of the Espionagedt.
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for C-%144. ALz s further creclk, this laboratory ran
control F.P, dsterminations on s8ll lots of "-£144 sent from
the mamfesturer to sita., It was at this time believed
that unreacted hydrogen wes the p»rincipal cause of di1ffi-
sulty, snd the speoification called for an Tgnition
Temperature above 300° ¢., acorresronding to less then 0.07%
hydrogene. :

Stebilization,

8. Prelimineary Obegervations.

During the course of the above work 21t had been noted thet
exposurt Lo (=216 during en I.T. ran tended teo raise the
Ignition Tempersturs of the o1l, suggesting that a portion
of? the hydrogen wes being replaced without deatruction of

the molecnle. Trestment of C-2144 without ignition appeared
%0 hoave the seme effect, snd it wss poasgible to prepere &
treated C~£1l44 which would not ignite up to its boiling

point (sbout 330°). This observation led to further investi-
gation in the hope thet such treated oil might be more

stable in a pump.

De Stebilization with C-L18,

The experimental trestments involved semples of oil up o
3000 w1l and (-215 ooncentrationg up to 40% by volume. The
affect of C-£l6 flow rate and concentretion, temperature,
durstion of treatment, degree of agitation, catalyst
(FE-~-30) a3 well as other veriables weas studied. The date
obtained showed thet stabilizstion toward dilute (RO%)
C-216 ocould be achieved with yields greeter than B0%. It
wag slgc ahown that low-hrdrogen vevor-vhase C-5144
gtabilized much {ecster than liguide-phase materisl.

The degree of stebilizetion wes found to be orimerily
temperature dependent. The 0-Z16 flow rate, concentratioen,
and degree of mixing, were found to affeet the rate rather
then the degree of stabilization. Optimur conditions, as
found here, were the use of 20% C-216 at a ges flow rate of
3 eo/ce of U~E144, with agitetion being limited only by
iosses due to entreirment in the gas stresm. The use of -
FU=-S0 as a oatalyst sppesred to improve the yield, although
this was not conclusive. HResultc werse most satisfactory
when the sterting temperature waes such as to give 100%
abgorption of inlet C-E18, and the temperature gredually
inereesed to maintain such absorphion until sn arbltrsry
torminetion tempersture (usuelly 300° ¢,) was reached,

This tempersturse wes then meinteined until C-2186 sbsorption
fol1l te 2 low end constort veRlug.
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The stebility of HFL wos Found to iie between treated snd
untreated C-R144, end attempts to atabilize it by the

.above technique were unsuccessful. 0Oonsiderable cornoking

Yook pisce and the end product waa still not as steble o
G218 &8s treated C~El44.

6. Stebllizntion with C~8l6.

Samples of C-218 treated and untreated C-£144 were
expoged to C-816 under sonditions dupliseting those of &
stabilization run. Heasuring the (-618 absorption by the
amount of non=-volatile T found in the sanple, very little
atabilizotion took place with the trsated C-2144. With
the untrestod material there wes a two-fold raeduction in
the reectivity as s result of C~§16 treatment. The re-
duction in resctivity wes thrse-fold in the cseze of KFL.

The reactivity values referrsd tc above, cbtained using
C=616, zlso permitted a comparison of the C-618 stabili~
ties of the three liguids. Aas woa expected the treated
G=2144 was more stable then untrested towerd C-816 by &
fastor of four. ¥FL, however, which, based on C=-216
stebilities, had besn intermediate between the two types
of §=2144 was found tc hHeo more resctive towerds (-616
than the untreatsd C-2144, by a fastor of meven. C-518,
therafiors, ss a means of measuring stability, parallels
C=216 only for C~El44 samples.

d. A Test Samnle of 3tabilized C-2144.

It hed been found that by use of the stabilization
teohnigue doscribed in section b. it was possible to
reduce the reactivity of C-2144 to such an oxtent that
only 3% of C«21& fed at 300° C. was sbsorbed. This may be
ecmpared to 100% absorption at about 2 C. using un-
trested 01l, A three-~gallon asmple for test in opsrations
et site was prepared in a gsemi-pilot scele resctor. The
average yield was 88%, sand the 011l had an abaorption of 3%
st S00° C. Marther supplies of such material ware
produced as requested, but due to operationsl dAifficulties
the resulis of the tests were masningless.

The Instentanscus Absorption Hethod.

&, Teohni quss

With the increased stability being schieved as s reault
of (=216 treatment, the Ignition Tempsraturs was no loenger
sdequate to give an indication of gquelity. The test had
likewine becoms useleas in connestion with production lots
whioh were being asfter-trested by other means to improve
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their stability. Other snziytivel wethods slso being
unsertain, efforts were madse to find a new procedurs to
distinguish quslity in these trested samples.

It hed been noted that ag a treatment run progressed,
sbsorption of 0-216 by the liguld dropped slowly. This
wag investigated to see whether under standard conditicns
the persent shsorption would be a messure of the quality
of the C-2144, 5Since stsbilization of the meteriel undere
going teat would oscour continuocusly it wes necessary to
make the teat of ahort dupration, snd 1t was found that if
the C~216 were sampled within five minutes sfter the

wag admitted results were reproducible. The amount o
absorption or Instantaneous Absorption at the reference
temperature was designsted as the I.A. velue. Customarily
G-216 was passed through liquid G-2144 at 300° C. for
stebilized material and at lower temperatures for all.
otheyr samples.

be atudy of Variebles.

A series of msasurements were mede on standard aamples of
C=2144 to determine the offacts of variastion in flow rate
end sonaentration of G«2l8 from the standerd of 100 ce

20% C=216 per mimute through a 100 ml semple of (~2l44.

The variations were found to be smell. The reproducibility
of the mathod 1s good preovided that smismination of the
system is carefully avolded. Blenk btests of the crder of
1% C-216 absorption esn be obtained, and the methed will
give checks in I.A. wvaluss t¢ within one or two unitas.

e The T.A. Tolues for Varicus Oils.

After stendardigzing the method, & series of measuremonts
were made on verious aauples of trested and untreated
C-2144 snd MFL to determine the range of applicability of
the test. With treated C-R2il44 of h stability the I.A.
valus was the only property found to be directly related
$o the duration and Semperature of C-216 treatment.

I.4. measurements cn antreated (~£lé4 were in gensral not
satisfectory. Semples which had an Ignition Temperature,
and even scme which hed been trosted beyond this point
1] showed values in the renge of 55-GBY at 1500 C. A%
temperaturss above this the absorption was uniformly 100¢,
though the Ignition Temperstures and previocus histories
of theso ssmples were widely different. Samples included
both vapor- and liguid~phase CU~2144, extrected vapor-
phase C-£2144 and othera. With MFL the I.A. method was of
vagg 1ittle use, the best semple having en I.4. of 75% at
300° ¢, while untreated meterisl fell in the same range
as untreated 0-£l44.
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To meite &8 f£inel check on conditions to be esxpected in the
plant, T.4. detarminstions were mede using mixtures of
0«216 and C-618. The twe cempositions chosen wore 20% and
404 0~R16, emch with 5% C-61l6. A series of messuremsnts
at 250° . on several Ce2144 semples indlosted absorptions
of sach component ag would heve been predicted had they
been used separatsly.

4. Gomperiacn of Stsbility Tests.

During 1946, thers were in use four different tests or
anslyses for predicting the stsbility of pump oilss The
Ignision Tempereture snd the peraent hydrogen by weight
showed &8 consistent relationahip whioch was uwuassful over the
pange from approximetely 0.40-0.07%, but in this ssme
rsnge the I.4. test was unable to diatinguish between
samples. In the range where the I.4. method iz appliecsble
the anelysis for hydrogen beccmes a mattoer of great
experimentsl difficulty snd unsertainty, and no direct
relationship betwoen the percent hydrogen end the I.Ah.
oould de esteblished. Bagad on the best date available,
1t is believed thet stabiliszed C-2144 having en I.A. of
about 5% at 300° g, had s hydrogen content of 0.005%. The
fourth method, the Inertness Residue Test involved
messurenent of the extent of reaction with (-618 and was
not suocessfully related to the I.A. or I.7. velue.

The sonclusion was reasched that stability under operating
atnditions was not o simple question of hydrogen sontent
and thet possibly nons of the four test methods available
would be satisfectory. Murther studies were planmned,
besed on investigation of molesulsr cscnfiguration, bond
unseturation, eto., but werse deforrsd sinte producticn
weg temporarily suspended and the meterial on hand was
performing relatively well.

e mlzgasa: Xethods.

s, (-816 Anplyais in Gas ¥ixtures.

Por purpoass of reutine woark, the Columbie method of
snalysis, based upon ab-omicn af C=218 by meroury was
top time-gonsuming, since ths abszorption and subsequent
gas snalysis tock sbont twenty minmufes per samples The
use of & KT aclution to absorb the C-£16, followed by
titration for liberated Ip was therefore investigated and
subssquently adopted, since the time ragquired was as
11ttle as three minutes per anslysis. In this method, the
C-216 mixture to be anslyrzed wans sempled at & elight
positive pressurs in a oslibrated gea sampling tube
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(EO-100 ml)e 4 ten percent XI solution was then admitted
to the bulb, the 0-£16 absorbed, end the Ig titrated with
KpB8c0x. This method was checked ageinst the meroury
method over & C-216 sonsentraticn range of 5-40% with
excellent agreement, snd wasa suscessfully used to enalysze
exhauat G-216 from (-£144 treatments. For both methods,
1+ was desirsble to use a cold trep ahead of the sampling
syatem to avoid contamiration by C=g2144,

Po avold intermittent sempling, & continuocus, colorimetrie
method of snslysis, devised by Columble end Xellex, was
studisd. This methoed, based upon the displecement of Brp
gas from XBr by C-816, waz extended to cover a range of
C-216 scnsentration up to 50%. The entirs Brg aystenm,
ineluding the ebsorption cell, was thermostated at an
elsvated temperature to prevent condensation. Agreemont
with other metheds was excellent, and the technique was
used to follow exheust C-£16 concentration during
stabliligation runs on C-2144.

be The Determinetion of Hydrogen in C=£144,

#hen the possibility of using the fluorescence of C~-2144

t0 mesmure its hydrogen eontent wag reportaed, moasurements
wore msdo %0 test this method for possible use in stabill-~
gation work. while the fluorescence of production lots of
C-£144 was found proportionsl to their hydrogen content, no
such relationship was found in samples whioch had been
tyeated with C-218. The fluoresccnce appearesd to be chiefly
a funstion of solor and not hydrogen content and the
results wers snomslous with ssmples whioch had bescome solor-
less through trsatment with C-£18. This was confirmed by
experiments on distillation fractions of untroated C-2144
which algo gave anomalous results. The color tended to
conoentrate in the residue, resulting in high fluorescence
though the hydrogen content of theess residuss was noymal.

the pyrometric method of analysis for hydrogen in C=-8144
was tried in this lsborstory, and while useful for material
heving lsrger smounts et'hydro%on {0e1-0.5%), was found
unsuitable in the lower renge (less than C.07%)e &
standardization progrem was attempted, but experimsntal
dfriculties such as inconsistent and high blanks, non-
reproducibility, and short equipment iife, prevented &
astisfactory conclusion..

s. An Investigsbion of Asgid in C-R144.

A few proliminary measurewents were made On ganples of
Ce2144 to Astermine the amount of free asid. These measure-
ments consisted of titration for acid in water used o
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axtroct C-2144. The aquecus layer was replsced after esch
snalysig, snd a repid decresse %0 a constant velue
suggeated both free HF and EF from hydrolysis. Appsrent
EP ccteminetion of the order of 0.001% was found.

Bs Recovery of 7 from & C~2816 Disposel System ab X=28,

1.

(Raferances: L0QS«208)

Introduction.

During sn operation &t mite, sxell quantities of (-616 were
discharged to s caustis disposal systenm designed to handle
C=-2186, In this system, the gsses were absorbed in a
ssrbonelined ssrub tower using a 10% csustis solution,
flucride ion being remcved and the caustlec solution cone
sinuocusly regenerated by addition of Ca(0H)g. Under these
aonditions, it would he expected that sny T reaching the
towsr am C-616 would be absorbed end the T precipitated in
the form of & very insoluble ditubsllate of either sodium
or oolsium. However, it was found thset the solution was
yellow-trown after e period of saveral weeks and upon
anslyais, s soludble T compound was fyund ¢ be present.

PrelinSnary ressarch by Tellex hed shown that solution
would coour only when C~818 was prassd into cesustic with

or foliowed by C-£16. The soluble T was thersfors thought
to be in the form of a pertubsllatej the peroxide

resulted from C~218 absorpticn. T aould be precipitated
from this somplex slowly by addition of Ca{OH)g snd rapidly
by addition of Ba(0H)g.

This laboratory was asked to underteke s study of the
ssfe-hendling and recovsry of all T resching the disposal
tower, The dsnger of aceumlations of 7 at any point n
the system made it imperative that it be hendled only under
very olose sontrol, and since the pressnce of T in solution
appeared due to formatiocn of the nsrtubsllate complex

liminery exporiments were carried out on the seolutlion
cheniatry of this compound.

It wes shown thot 2 steble somplex casn be formed by additien
of peroxide to csustic con}:?igénéagigg.gugtg § :i,',"’ <on
S?"éﬁéi% ?-fc?vefg mix%grﬁ?‘ The approxixfxato aolubllity was
messured in 5, 10, snd 20X soddum hydroxide and found to
be 0.007 ¥, 0.02 ¥, snd 0.10 k& in T, respectively. A ten-
£01d excess of peroxide wes found to decrsase the solu-
bi1ity and to increass the tendensy towerd supersaturstion.

UNCLASSIFIED




o,

s

e — e e -
Rz ey . Rl - I . e

f.;;.g T~ w0 the mpmomee s o o AR, -
i B i Pe . wWihiE—vBehe.  Af T ofe wsk0paRiTin

b4 i
Ao e 03 s B - g . -
\-@é—“’s‘ﬁ’%ﬁ 1 e S - UTETCTO0ST AN S 82, I1S transmisoa o ke
L € e T ihe iy
UNCLA

2e

reveiation-of. its.cORLENTS in any manier to an
unauthorzed person is prohibitea by aw.
The peroxy-tuballey system is spperently complex and the
pertubsllete does not appesr t0 heve & unique formula in
solution,

Pposedures Involving the T-Peroxy Complex.

a. Tmmediste Hemoval by Precipitetion.

According to Xellex dats, about 10 of the T reaching the
tower as C~018 went into solution. The remelnder preci-
piteted immedliantely ss & dattudballate, end could, therefore,
be reedily filtered off et the bsee of the tower. That
whiekh went ints solution was very slowly precipltated by
Ca{0H)g in the lime pit snd was therefore mixed with GaFg
end excess lime. Recovery from the lime was difricult end
the accumulstion was unconirollable.

In sn effort to prevent the formation of the soluble com~-
plex, and to destroy peroxide formed by g=216, a variety of
reducing sgents were added %o the tower solution, and,
slthough they improved the C-21S abgorption, they did not
successfully destroy the soluble T-somplex; such compounds
included NegB, C10°, 503, &nd 8p0.=.

Since it did not seem possible o prevent the formation of
the soluble T-complex in caustio, other precipitation
agents were investigated. It wes found that bariun in the
form of solid Ba{0H)g was from 10 to 100 times more
efficient for the purpose than caleium. No other ion was
found whish was both rslatively chesp and efflclont in
removing T from an alkasllipe aolutiocn of pertuballate. It
was hoped that barium might be used to remove T, after
which fluorids removal would be attempted by meens of the
lime pit in the crdinary manner.

For this to be succesaful i% would be necessery thet the
solubility of celeofum fluoride be much lower than that of
barium fluoride, both to aveid senteminstion of the berium
resctor with large smounts of fluoride and to limit the
smount of barium hydroxide required. Thls was not trus in
10% geustis but messurementa showed thet 4f the caustio
soncentration were lowered, barium fluoride became
relatively mors soluble. A sompromlse wes selected st 5%
osustic whers thers is almost a 3-fold differsnce in the
two solubllities.

I¢ was further recognired that under the verying comditions
of operation the composition of the resuliing solid barium
salte in the T-removal stage would vary, ineluding more or

~ . .
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less BePFp end BaCOg, the latter erising as a result of
contaminsticon from air, It was sccordingly neceasary 4o
detormine the effect of the latter compounds of berium on
the precipitation of T. They were mepasured snd it was
found that BeFp was very nearly as good as Ba{OH)g, but
that BaGlz wee Very poor. All three, however, were mmch
mors offidient then the correspending csalelum salts.

A ccmplete system was tested on sen experirental tower,
adding excess Ba(OR)p batween the tower exit snd the lime
pit and allowing the slurry to0.settise. The clear soluticn
then passed through & lime pit and intc s second settling
gank where the fluoride was removed. Soild berium salts

of T were Pormed as predicted, and the T concentration in
the efflnent from the barium aetitling pib was sabisfeotorily
1low.

Using &¥ csustic, the afficiency of the Tower for (-gi6
absorption was somewhat decreassd, This reduction amounted
to less then 10% snd should not be serious in praatise.

the presence of 003> was not troublesome in the laboratory
experiment, but if any aonaiderable quentity of bLarium were
to extst in this form, the sfficiency for removing T was
shown %o be ﬂangerouaiy impaired.

Based on thess date, & progedure was suggested te Kellex
whioh would permit precipitation and reaovery of all T
from coustic tower effluenta. This was the aeme &s the
suscessful labersiery technique with addition of a
earbonate~rencval ssaction preceding the sarub towers.

Be Goentimous end Gomplete Selution.

During the serly payt of Jaly, 1946, the emphaais of work
was shifted by the Xellex Gorporstion to the csomplete
golation of T, since the precipitatlon rethod wes limited
o unenrished materisl. The sddition of peroxide was
suggested 88 & mesns of holding sll the T in aolutien.
™is would not involve sny change In the sxisting systen
snd would eliminate the poasibility of precipitsting
dsngerous amounts of enriched T due £0 SUrROB.

By operating sn experimentel tower to which peroxids was
acntinnously added, it was shomm thet C«8138 and aixfures
of this gas with O-R16 were sbsorbed completely without
any precipitation. 7The C=818 sonsentration wes veried
from the highest antisipated velue of 8% to 0.05%.
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For safe opsration, 1% wouléd have been negesaary te
meintein o bigh peroxide consentration et all times, oven
though C~41l8 repcbed the tower only ogcasionally. Becsuso
of the instability of the nsroxidse in the esxisting causgtic
solution, oontinuel mainternance of this high concentretion
would have been prohibitively eostly. Accordingly, a
gtudy weg made of this inetability, not omiy from the
standpeint of materisls of gonstruction snd solutlon
jmparitiss, out alse o determine whether there were any
practicnl atsbiliszsing agoerds.

1t was found that silver solder, carbon, steel and glase,
gll of which were in use in tha systems as it wes then
opersting, had an agaclereting effect on the rate of
peroxids destrustion. Silver solder, used extensively in
piping and gas lives at site, was partleulerly pad. A
numbar of stabilizing sgenta, guggested by 2 litarature
ssarch, wers tried, Dest results being achieved with MgO,
¥gf0, end uga(P0g)ge With the latter agent, in the
sbaenace of metals or other impurities, aonaiderable
atebilization was schieved, out in the presence of metals,
the stabiligzging sffect was not sufflcient,

4 further problem congiated of the precipitstion of T in
the lime pit used for flueride removel. Tt wes hoped that
the greaanae of exoess W roxide might orevent this, but in
the iaporatory it wes shoun to have the oppomite effent, &
very slight excess groeatly inevesaing the extent of T
precipitstion. 4 quentitative study was also made of the
precipitetion by ca{SH)e in the absence of excess poroxide
and 1t weg found that amounts tn sxcess of those fed to the
tower at site cssused slmost somplete precinitation, while
amounts aquivalent to or less then thoae used in onsration
(0.5 gu/L) were suffieient to preeipitate traces of T {rom
synthetic solutiocns of the complex.

Tua to the instebility of peroxide and the sopresipitation

of T in the lime pit, it was not pessible to recommend the
peroxide addition method for nse in the existing Bystem.

Procedureg Involving the T«~Carbenate fomnlex.

a. Continuoue end Complete solution without Fluoride
Removel.

Hith the fsilure of the neroxide ateghilization invesii~
gatien, the T-earbonato complex was regarded o8 the next
most likely means of retaining 7 in solution. freliminery
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folubility date, obtsined in other laborstorics, indicated
that 8 5% NapCOz solution would dissolve sufficient T for
oractical opeva%ion, although this would require rather
extensive changes in tho axisting equioment, since lime
sculd no longer be used to remove flucrids icn.

It was suggoested thst batehwilse operation be rescrted to,
in whieh the carbonate sclution would be allowad to absord
both T and fluoride until (nearly saturated in reapest ¢to
the latter. The entire gblution would then be removed,
soidified to destroy GOg') and any one of a muzber of
prosedures used to recover T. The solubilities were sush
thaot saturation with respeot to T, deriving from G~-618,
would not ooccur before sesturation with respast 4o fluoride,

4 major problem in the use of this solution was the
relatively ineffiscient absorption of C~-£168. Upon investi~
gotion, 1% was found that if the efficiency of 10¥ HaCH be
assumed to be 100 the efflciency of 5% carbonete wonld be
approximately 76, It wes, nowaver, found that the addition
of acertain reducing sgents (0.0l X Haﬁsca or Nagplglsz)
inoressed the effisienay to that of 10% caustic, and had
no measureable affesct on the stabllity of the T-atmplex.

The systen was put in opovation in an experimentsl tower,
snd no diffieulties wers experisnced in rotatning T in
solution up to the point of asturation with respect S0
fluoride. Three methods of T recovery were Anvestigated
end found to work sstisfestorily, slthough muoh of this
work wea duplication of intensive studies elaswhere. 7The
. fMucride solubility was found to be sbout 2.7 gn/100 ml,
ahiich would give an estimated operating period of sevaral
montha.

Daring operation it wea found that the pH fell, and the
ecsybonate was graduslly ehanged Lo bileerbonate, as & vesult
of the scid liberated when the gasos wers abgorbed. This
had only a alight effest on the efrieioney of G-816
absorption, end did not interfere st all in =618 sbsorption;
tha complex bLeing mors soluble in bicarbonate than in
asrbonste. However, from an operating point of view, the
oiroulation of bicerbonats solutiona was not prectical dus
to the matsrisls of oonstrustion, and it wes necesaary to
determine whether the pH could be kept ccnstant by the
addition of controlled amounta of saustic. It was found
thet if nigh locel osustic acnoentrstions werse avoided,
the pi sould be meintsined. Using this teohniqus, consen-
tpetions of soluble T ss high as 10,000 mg/L were achieved
gt pii 9.8-10.0. "n the basis of these date, & finel batoh-
wise prosedure was recomnended tc Zsllexe.
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b GConbtinuecus and Complebe selution with Mluoride Removal.

T™he dlsadvantages cf the sbove batohwise prosess wore
suffisiently serious to justify further resesrch toward
making it continuous. GControl of pi 9as more diffioult
thsn in the causitlic system, and paricdls handling of the
entire volume of carbonate solutlion ves ingsonvenient. 7To
oorrect this, it would be necessary to provids for tho &
removel of fluoride without precipitation of T, and to
mointain & sonstant pd, as 1a done in the sauatioc syatem
by the use of lime. An inveatigaticn was thercfore under-
taken to dotermine if either or both of these objectives
might be attaluned.

Prom solubilibty dats, 1% was possible that either Cacgly or
HgC0y might be sultabls for fluoride removal. Thoss were
ipventigated and it wae shown ihat both procipitated fluorids
slowly from 5% esrbonete soclution, ¥200g being the more
repid. This latter gompound appeared Lo have no affeot on
the concentretion of the Tegomplox, whoreas the calelum was
unsstiagfactory in this reapect.

The use of ¥gl0s, however, did not provide a constant pH,
and sowe attention wes devoted to the use of Mgl (or
¥g(0H)g) desplite the faot thet 1t 1g almost ag insoluble
ge KgFge. msntitative experimanta, at pE in the neighbor-
rood of 11, indicated no precipitatlon of T frem the
sarbonate somplex and satisfectory fluoride removal.
However, when acid was added in an smount roughly corres«
ponding to the fluoride present, 80% of the carbonate was
sonverted to bleasrbonate, and upon addition of Kgl, beth

T and Plueride were rapldly nrecipiteted.

In & similar Gest using a small tower, nowever, where the
p8 wes ebout 1l at the start, and in which the serbonate
aolution subseguently passed through & slurry pit con~
taining Hegd, the concentration of T built up to slmont
1£,000 mg/L without apperent precipitation. The pH
rexsined constant at 10, while the fluoride concentration
was meintsined at 1300 mg/L compsred to a seloulsted
12,000 wg/L if no precipiteticn had gssurred. The wot
soiids in the siurry pit were light yellow and contained
&t least seme T. A portion of the celor could be washoed
sut with water, snd it was not certain whether the aolor
remeining was due te insoluble Pegempounds or scntemine
ation from the sclutlion.

Although this investigetlon was insomplets, experimental
work wes terminated dus to eontract expiration, and the
finel evalusbtion of the KgO proceas was cerried forward
by another laborabory. o recommondation could be made
by this laboratory oun the besis of aveilabla dptBec.un:
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LIST OF RELATED REPORTS. T Ame s P

The following list supplements those fourd in Parts I end II of the
Finel Report, end together with them gives s complete record of
tecknicasl raports preparsed under contraet =740l-eng-43. Also
attoched is an sddendum consalsting of reports previocusly l18asted 1in
Part I and referred to in Part Ill. The numbers sre used as
roferences in the text of Pert II1 of the Final Report.
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I. ROUTINE REPORTS.

donthly Progress Reports

102. Harch 1946 g 195, June 1845
1935, April 1948 196, July 19456

1908. September 194D

Honthly Tachnical Reports

198, Peb. 16 - Har. 31, 1945 (K-2123) 2028. June 1945 (4-2128 )~
200, April 1946 (M-5128) 203. July 1945 (#-R131) -~

£01. HMey 1946 {(M-2127) 204. Auguat 1948 (u-133).-
205. September 1945 (H-2138) -

I3, OEHERAL REPORTS.

160. Hydrogen Analysis of Ce21l44 by Ignitiom Pempoaratire.
Peb. 17, 194E)

161. Stebility of HzPO, with Fluorine.

162, Mnal Report - Part I =~ July 3, 1945

163, Part I - Production Appendix - Jen. 31, 1946
164, Part II -« Jen. 31, 1946
166. Pert 117 - Jen. 31, 1846

II1X. LETTER REPORZS.

134, Noleculer Welght Data on C~716 Distillstion Cuta.
(¥r» Fo Bs Downing - June 18, 1943)

186, Holesuler Weights of Fluorcesrbons by the Preezing Point
Techniqus. {Ure P B Downing - dov. 18, 1943

136. Vapor Presaurse of a Composite cg 6D 1180 snd Gbh 118l.
{pr. R. Rosen - Juiy 1%, 19844 -
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Reeotivity of C-2144 to C-2l6.
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stendardization of Pyrolytie Method for C~2144 Analysis.

{Capte. We M. Hoaron - June &

nesctions of C-£1l44 with C=-216
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.187. Pressure-Stata on C-216 Lines. UNCLASSIFIED

(Dr. R. RHosen - Dec. 20, 1943)

158. Thysiecsl Properties of Certain Fluoroearbons.
(Dr. R« Rogen ~ Sept. 14, 1943)

168, Troperties of C-£144 Residues.
(Ir. R. Kosen ~ Sept. 14, 1843)

ADVERDUM
(Reports Previcusly Ligted in Part I)

Monthly Teshnical Reports

30, September 1844 35. Dscembexr 1844
31, Ootober 1944 34. January 1945
32. Hovembor 1844 36. Febe 1 - Peb. 15, 1945

Weekly snd Bi-Uoekly Technicel Heports

38, Ost. 30 -~ Rove. B, 1944 42. Dec. 11 - Dec. 16, 1944
87. Hov. 6 ~ Nov. 12 1944 43. Deo. 1B -~ Dec. 23, 1944
8. Nov. 13 - Nove 19, 1944 44. Des. 25 - Des. 30, 1944
30, Nove. 20 = Nov. 26, 1844 4E&. Jen. 1 - Jan. 6, 1948
40, Yov. 27 = Dec. 3, 1944 48. Jen. 8 - Jen. 13, 1945
41, Dec. 4 = Dsc. 10, 1944 47. Jen. 15 - Jan. 37, 1845
48, Jen. 89 - Peb. 15, 1945

wk ot

3 e L. . Letter Reports

107. Trestment of C-£144 with C-216.
(Capt. W, He. Hearon - Feb. 6, 16495)
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V. RUDGET. o
VRSO,
The following filgures yepraséfit,eqxnsnditures through

Septomber 30, 1845, pX ocutgtey obligaetions and credits

due as of this dstee. ble 1a attsehed to

rars 11,
Selaries £ 368,787.851
Zquipment & Supplies 258,606 .,07
Subecontracts §,203,00
Overhead 181 ,303.76
Totsl § 807,900.34

This does not inelude the costs of contract termination
procesdings and bullding restorstion, nor aredits resulting
from the sale or return of property after September 30, 1948,
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